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ABSTRACT

Kelp forests are complex three-dimensional habitats supporting tightly linked trophic
inferactions between primary producers (kelp), herbivores (sea urchins), and carnivores |
(sea otters). Therefore the spatial distribution and the variability in size and density of -l
this important habitat can affect local food webs. Kelp forests were mapped from 2000 |
to 2002 using low altitude aerial photography to produce oblique digital imagery. These
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images were geometrically corrected and the kelp beds delineated. Density estimates were IRy -
made for each polygon. The polygon data were entered into a 6IS so that estimates of =24
areal extent, density, and adjacency could be compared among beds and among years. The e e g R
mean kelp forest area during the study period was 25.9 km? with a variance of about 15% Sy COW “168 0 ) Gl Count: 138 = e Count: 140 T
in surface area among years. This variance was mostly due fo the inundation of rocky kelp £ i@b/\%ﬁ% Min: 20t g | [ St ST Min: 1;50 s e groan. Min: 11861’7"1923’167 ; g 4 -
habitat by sand. A 4 km depositional spit separates Kachemak Bay into an inner and outer (*’?;;,;;;;{;;;g%/ 0w | Sum: 29,887,806 me| [ Sl | Sum: 20,158,172 u /§ ik | sum: 27,700,210 m
Pasm. Evidence sugges‘rs.‘rhaf strong estuarine circulation prevents ke!p d!spe.rsal into the g1 wxﬁwh\ff "s";""6157;997°3 m’ Y ,ﬁ,wwh&}f "5“30“6 ;22 073 m gL w = \n\i, g\gﬂnl 12; 322 m? - e % 3 Ry
inner bay and the cyclonic surface circulation forces the spatial distribution in the outer Gy S b e L N R _ *
bay. The distribution of kelp forests in Kachemak Bay is therefore apparently linked to Fig. 3. Significant differences were also found among years in the /argesf Kelp forests on 7'/73
sediment transport dynamics and oceanographic circulation patterns. north side of the bay (A-C). The north shore kelp forests are a mixture of Nereocystis M
Juetkeana and Alaria fistulosa. They are large because the local bathymetry is relatively shallow =R
compared to the steeply sloping south shore. The south side kelp forests are predominantly i N -
METHODS Nereocystis luetkeana. Note the absence of the 4 km long kelp bed near the town of Homer L NG i e Cnn e — R R
(boxed) and the changes in shape and extent of the kelp beds near the villages of Anchor Point : — - O s o)
. B. and Seldovia between 2000 (A), and 2001 (B). The kelp bed off the town of Homer returned in Fig. 6. Drift cards were initially used as a low-cost means to study surface currents. Over

10,000 cards were deployed in Kachemak Bay at different locations and seasons. Drift
cards deployed from the outer bay were not transported into the inner bay in either

summer or winter (A). About 85% of the drift cards deployed from the inner bay were
advected out of the bay (B). This work was followed by a study that deployed drogued

. : : : 8 3 e o drifters in the outer bay (C). All of these were transported out of Kachemak Bay suggesting
Hypothesus 1: the sp.cmal distribution of kelp is limited by that there o itrie B reren
estuarine water quality

2002 (C) but with a lower density than in 2000. The annual fate of this kelp bed was found to
be associated with habitat modification by sand waves transported from eroded bluffs between
Anchor Point (top left of image) and Homer .
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Fig. 1. Low altitude aerial /mages were abfamed in Kachemak Bay (A) late in the summer when . TR 4 R & % Kelp bed experiments "

1 _ - 2.5 -
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Fig. 4. Water quality sensors were established to measure water temperature (A), salinity (B),
and light (C) at three sites along the axis of Kachemak Bay: near the mouth of the bay where
there is the most marine influence (Port Graham: P&G), near the estuarine front where there is
the most mixing (Seldovia: SE), and well inside the Bay where conditions are the most
estuarine and water column stratification is well developed (Halibut Cove: HC).

PRESSURE ({dbar)

Mean Total Stipe Length Total Growth Rate
1204 Salinity (psu) I 1207 Salinity {psu)
o ~1000 - i o 25 MOY | N 9 Nov |
= % 800 1 T X 0] 50,50 5055 59.60 5050 5055 50.60
D = 600 - T &y
L b SEa Fig. 7. The circulation of water in Kachemak Bay is complex and reflects the combined
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Port Graham Seldovia Hallbut Cove - Seldoia B e tidal regime, meteorological effects and fresh water forcing (A). The results of the drifter
Plants at their respective site of origin S BT e pesive S 6 il studies suggest that the surface circulation into the inner bay, and the trajectory of

floating kelp rafts dispersing spores (inset), may be limited by the seasonal density driven
current flowing out of the bay (B).

Fig. 5. Reciprocal transplant experiments were established in kelp beds adjacent to each of
the three instrumented sites to measure the effect of water temperature, salinity, and light

Fig. 2. Polygon vector layers representing the annual spatial distribution and areal extent penetration on growth rate. Since the kelp beds at P& are in more marine conditions and SUMMARY OF RE SULTS

of all the kelp beds in Kachemak Bay were assessed for among years differences (A-C). usually appear the earliest in the year relative to kelp beds at SE and HC, we hypothesized _———

At small spatial scales (10's meters) kelp beds fluctuated in size and density from year to that the growth rate at PG would be higher than at the more turbid and lower salinity sites This study provides evidence that the spatial distribution of kelp beds in Kachemak Bay is
year and in some cases the ke/p beds did ,?Of reappea/.' in the same p/ace' At /arger' scales at SE and HC. But the total Sfl.pe /engfh at the end of the summer was the /ongesf at SE and forced by the circulation pa'ﬂ'epns Causing surface water to be deflected from the inner bay
(100's meters), kelp beds were found consistently during the three year study but the the shortest at PG. The growth rate was also higher at SE than at either P& or HC. and transported in a cyclonic gyre along shorelines of the outer bay. Kelp plants mature at
fotal area and densities eas gt ficantly ,d’ fferent. Sub f’d,a/ s on the 5,"””’ side However, snail herbivory was highest at SE and these plants also suffered the highest this latitude late in the summer or early fall coinciding with the intensification of winter

of the bay shawe.d e g wde.n.ce of change in the baf{'am hablfaf which is predominantly mortality. These results suggested that the low salinity, high turbidity water at HC was no storm systems. Many of the large sporophytes cannot withstand the drag imposed by higher
large boulders with /nfersf{f/a/ cobb/es.. The predom/nan.f herbllfores on the south shore of worse for plant growth rate than the more saline, higher light environment at P6. An waves and break free from their holdfasts. Spores are thus dispersed over great distances
Kachemak Bay are the snails Lacuna vincta and Margarites pupillus, but on the north shore alternative hypothesis (of no habitat availability) was also rejected since many rocky reefs when large rafts of free-floating sporophytes are carried by the prevailing circulation

the qgreen sea ur chin Str O”QY/aceﬂff' otus drobachiensis is more abundant. occur in the inner bay’ but all are devord af Nepeaqysfis luetkeana. paT'l'er‘n around the outer bay.
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